A radar system for detecting and localizing small targets on the ground is proposed in this paper. The system transmits wideband Linear Frequency Modulated pulses from groundbased transmitter. The reflected pulses will be collected simultaneously by two different ground-based receivers installed in different bistatic positions. Accurate range processing in this bistatic configuration will lead us to detect small objects like N-type connectors in several meters distances.
Introduction
Using radars to detect objects on the ground is subject of interests for some applications. One of the important applications can be Foreign Object Debris (FOD) detection to finding small objects on the airport runways. Sometimes a small object can jeopardize an aircraft's safety, as the accident by the Concorde airplane in July 2000. In addition, direct losses due to FOD are estimated around 3-4 billion US dollars per year in the global aviation industry [1] . A common FOD object is normally 2.50 cm x 2.50 cm or smaller [2] . Other possible applications may be mine detection, through-the-wall imaging system, medical applications etc.
Due to short distances, most radar systems use wider bandwidth. Wideband Linear Frequency Modulated (LFM) or chirped signals have advantages for example low peak power requirement and low sampling frequency. In addition, by applying Bistatic or Multistatic radar, in general, it can provide more information from different angle and capable to have high resolution sensing system [3] .
In this paper, we introduce a ground based wideband LFM Bistatic Radar, used for detecting objects on the ground. Two or more fixed receivers are distributed on the field, and it could be randomly distributed. There is also a possibility to network the receivers. The performance of the proposed system is analysed based on its ability for object detection and localization.
Proposed wideband LFM Bistatic Radar System
By considering the antenna beamwidth, the iso-ranges for a short-range monostatic radar is a portion of a circle. If the small target observed by two monostatic system simultaneously, we can find its position by finding the crossconnection of two iso-ranges.
This idea is more applicable by applying bistatic configuration. A complete system to scan a big area can be consisted of a network of transmitter and receivers that managed to cover the whole area so that each point is viewed by at least two bistatic pair. A prototype of proposed system is shown in Fig.1 
Signal Characteristics
The transmitted signal is a Linear Frequency Modulated (LFM) or chirp pulse which can be defined as [4] :
D (or sometimes 2D) is known as chirp rate.
Carrier frequency and bandwidth of the chirp can be calculated as f c =E+2D T p and BW= D T p .
We select fc=6.75 GHz and BW=1.5 GHz in the experiment as shown Fig.3 . As it shown in Fig.3 , the red pulse is the transmitting pulse. As we expect from LFM definition (1), the frequency of the sinusoidal signal inside the pulse should increase linearly. The instantaneous frequency shown in yellow colour in the other oscilloscope channel is verifying this expectation. The green video pulse are used for triggering the sweep generator; it will also be used for extracting the chirp pulses.
Pulse Compression
When the transmitted signal arrived at a point target and reflecting back or scattering toward the receiver antenna, it experiences a time delay based on its travelling time and represented by (2)
P R (t)=V a(t-t d )exp(jE(t-t d )+jD(t-t d )
2 )
Where ' V ' is representing the point reflectivity, path lost etc. t d is the time delay which can be evaluated as t d =(R T +R R )/c ,where R T , R R , c are the transmitter-to-target , target -to-receiver distances and speed of light respectively. As it shown in Fig. 2 the received signal is downconverted and then filtered by a Low Pass Filter. Hence the recorded signal in the channel 1 of the ADC will be:
As it shown the received signal is a sinusoidal shape signal with 2Dt d frequency. So by measuring the received pulse frequency and knowing D as the transmitted chirp characteristic, we can get t d which correspond to (R T +R R ). Fig.4 is showing an experimental received signal after pulse compression in Rx1. Fig.4 a is the pulse train in time domain which is recorded with a 50KHz sampling frequency in channel 1 of ADC. The red envelop pulse is video pulse recorded in channel 2, in order to help us to extract the pulses. 
Signal Processing
Based on possible applications, the aim of the propose system is to detect as small as possible objects on the ground. An N-type connector with 21mm diameter by 30 mm length is used as a tested object as shown in Fig.5 . Fig. 1 a, at 7 m, 0° and 6.75 m, 45° respectively is used. The experiment is repeated several times with or without target, and signals for both receivers are recorded. Each signal is consisted of several pulses.
A series of processings is needed to apply on recorded signals. At first a pre-processing algorithm should run to extract the pulses of each signal. The positive edges of the video pulse are used for indicating the start of each pulse. A Hilbert-Huang Transform (HHT) [5] is applied to each pulse to delete the DC component of it. Next step is converting the time domain pulses to frequency domain. Fig. 6 shows the received signals in Rx1 in frequency domain.
Fig. 6. Received signals in frequency domain
As it shown, all signals have a high peak around 10KHz. This is comes from direct leakage between transmitter and receiver antennas. Putting the target at P1 position has added an additional frequency beat around 15KHz.
Range Processing
As it can be inferred from equation (3), should be a linear relationship as f=2Dt d between frequency of pulse and time delay t d imposed on the wave to reach the receiver. In practice, there is an internal delay in cables and other equipments in addition to time delay that signal experience in the sky. This circuit delay will add a constant to the formula. So a calibration should be done to find this value. By selecting 1 m distance as calibrating point, we can rewrite (3) as:
f 1 is the frequency caused by a target when R T +R R =1. It can be evaluated easily by putting a target at 0.5 m distance in a monostatic experience. Equation (4) was verified by some experiments.
Iso-range Curves
From mathematics point of view, the locus of points with a constant summation distances from two known points is an 'ellipse' which its foci are the two points. Fig. 7 is showing a 2D view of an ellipse where R1+R2 = Const. Fig. 7 . ellipse definition In our case the foci points are the transmitter and receiver antennas, so its projection on the ground can give us the iso-range. Now, if we run a post-processing algorithm as bellow, we can make an image of the scanned area:
1. Divide the desired area to small pixels, for instance 500:1m scale, (i.e. 500 points in one meter).
2. Select each small pixel of the desired area. We run the above algorithm for both receivers for target at P1 and P2 positions. Fig. 8 is shows all voxels of the scanned area. As we expect the iso-range curves is a part of an ellipse. As it shown, two iso-range curves is appear, which correspond to Rx1 and Rx2. In case that there are more than two receivers, more than two curves will appear based on number of receivers. All of them will have a common crossconnection which representing the object position. As it shown, cross-connections between two ellipses is the target position. If we multiply the voxels of two receivers the other parts of the ellipses will be deleted and just the target will be shown in the image. 
Conclusion and in progress work
In this paper, a wideband linear frequency modulated radar system in bistatic configuration is introduced. The proposed radar can detect small objects on the ground. A signal processing method is also introduced for analyzing the signals and producing a radar image based on them. Some experiments were done based on the proposed system and it was shown that the system has ability to detect and localize a small object laying on the ground.
Improving the resolution of the system, using signalprocessing techniques is on progress. Testing system for longer distances requires some modification on the system, for example, increasing transmitting power and recording received signals by higher sampling rate.
